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(54) Bus connection and power saving control method therefor 



(57) A system including a plurality of electronic de- 
vice connected together through a bus, which can real- 
ize both reduction in power consumption and ensuring 
of a communication line. When a bias voltage on an ex- 
ternal bus is detected by a bias detecting circuit and a 



comparator, a bias voltage is output from a bias output 
terminal to the external bus. When a driver and receiver 
receives a PHY-SLEEP command through the external 
bus, the bias voltage kept output from the bias output 
terminal to the external bus is turned off. 
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Description 



The present invention relates to an electronic de- 
vice adapted for operation with a P1394 serial bus for 
example, and more particularly to a control technique 
intended to save power in such an electronic device 

Conventionally designed is a system including elec- 
tronic dev.ces such as a personal computer (which will 
be hereinafter referred to as "PC"), a digital video tape 
recorder (which will be hereinafter referred to as "D- 
VTR"), and a digital television receiver (which will be 
hereinafter referred to as "D-TV) together through a 
P1394 serial bus to perform communication of a digital 
video signal, digital audio signal, and control signal be- 
tween these electronic devices. 

In the accompanying drawings, Fig 1 2 shows an ex- 
ample of such a system. Referring to FIG. 12, electronic 
devices A to D represent a PC, D-VTR, etc. as men- 
tioned above. The electronic devices A and B are con- 
nected together through a P1394 serial bus cable 41 
the electronic devices B and C are connected together 
through a P1394 serial bus cable 42; and the electronic 
devices C and D are connected together through a 
P 1 394 serial bus cable 43. 

Each P1 394 serial bus cable incorporates two pairs 
of twisted pair cables with shields (not shown) One of 
the two pairs of twisted pair cables is used for transmis- 
sion of data, and the other pair is used for transmission 
of a strobe signal. 

As shown in FIG. 12, each electronic device in- 
cludes a physical layer controller 44 and a CPU and link 
layer controller 45 as a basic configuration for perform- 
ing communication with the corresponding Pi 394 serial 
bus. The physical layer controller 44 has a function in- 
cluding initialization of the bus, encoding/decoding of 
data, and arbitration. The CPU and link layer controller 
45 has a link layer control function including generation/ 
detection of an error correction code and generation/de- 
tection of a packet, and an application layer function 

In each electronic device having the above config- 
uration, when a power-supply plug (not shown) of the 
electronic device is inserted into an AC receptacle a 
power-supply voltage is supplied to the physical layer 
controller 44. Accordingly, the power-supply voltage is 
always supplied to the physical layer controller 44 irre- 
spective of whether or not the bus is used, resulting in 
undue consumption of power. 

This problem may be solved by on/sleep controlling 
he power-supply voltage to be supplied to the physical 
layer controller with operation from a user. According to 
th.s method, the physical layer controller can be pow- 
ered on only when the electronic device uses the bus 
thereby saving a power consumption. However when 
the physical layer controller in the electronic device B 
shown in FfG. 12, for example, is in a sleep mode the 
communication between the electronic device A and the 
electronic device C cannot be effected unless the user 
manually sets the electronic device B to an on mode 



It is accordingly an object of the present invention 
to provide an electronic device and an operation mode 
control method therefor which can realize both reduction 
in power consumption and ensuring of a communication 
5 line. 

According to a first aspect of the present invention 
there is provided an electronic device for use in a system 
adapted to perform communication between a plurality 
of electronic devices connected together through a bus- 
10 the electronic device comprising first means for detect- 
ing a bias voltage output to the bus from another elec- 
tronic device connected through the bus to the electron- 
ic device, and second means for controlling output of a 
bias voltage to the bus; the second means having a pow- 
er saving mode where the bias voltage is not output from 
the electronic device to the bus and a normal operation 
mode where the bias voltage is output from the electron- 
ic device to the bus; and the power saving mode being 
changed into the normal operation mode when the first 
*> means detects the bias voltage output from the other 
electronic device to the bus. 

According to a second aspect of the present inven- 
tion, there is provided an operation mode control meth- 
od for an electronic device for use in a system adapted 
to perform communication between a plurality of elec- 
tronic devices connected together through a bus- 
wherein when the electronic device detects a bias volt- 
age output to the bus from another electronic device 
connected through the bus to the electronic device an 
30 operation mode of the electronic device is changed from 
a-power saving mode where a bias voltage is.not output 
to the bus into a normal operation mode where the bias 
voltage is output to the bus. 

In the first aspect of the present invention, the elec- 
ts tronic device further comprises third means for detecting 
a predetermined command addressed to the electronic 
device from the other electronic device connected 
through the bus to the electronic device, wherein when 
the third means detects the predetermined command 
"0 the normal operation mode is changed to the power sav^ 
ing mode. 

In the second aspect of the present invention the 
method is further characterized in that when the elec- 
tronic device detects a predetermined command ad- 
dressed to the electronic device from the other electron- 
ic device connected through the bus to the electronic 
device, the operation mode of the electronic device is 
changed from the normal operation mode to the power 
saving mode. 

50 Inthis method, a predetermined one of the electron- 
ic devices in the system asks all the other electronic de- 
vices in the system for whether or not they intend to use 
the bus. and when the predetermined electronic device 
receives from all the 6ther electronic devices a replay 
ss that none of all the other electronic devices intends to 
use the bus, the predetermined electronic device trans- 
mits the predetermined command to all the other elec- 
tronic devices. One or more electronic devices in the 
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system can become the predetermined electronic de- 
vice mentioned above. 

Alternatively, when any arbitrary one of the elec- 
tronic devices is commanded by a user, the predeter- 
mined command may be transmitted from this arbitrary 
electronic device to all the other electronic devices in 
the system. 

Further in this method, when the electronic device 
detects the predetermined command, the electronic de- 
vice refrains from detecting the bias voltage output to 
the bus from the other electronic device connected 
through the bus to the electronic device for a predeter- 
mined period of time. 

In the first aspect of the present invention, the elec- 
tronic device is further characterized in that when the 
electronic device spontaneously becomes the normal 
operation mode and the first means does not detect the 
bias voltage, the second means outputs the bias voltage 
and becomes the power saving mode where an internal 
circuit is off. 

According to the present invention, when each elec- 
tronic device detects a bias voltage output to the bus 
from the other electronic device connected through the 
bus to the electronic device t the electronic device 
changes its operation mode from the power saving 
mode where no bias voltage is output to the bus into the 
normal operation mode where a bias voltage is output 
to the bus. 

Further, according to the present invention, when 
each electronic device detects a predetermined com- 
mand addressed to the electronic device from the other 
electronic device connected through the bus to the elec- 
tronic device, the electronic device changes its opera- 
tion mode from the normal operation mode to the power 
saving mode. 

The invention will be further described by way of ex- 
ample with reference to the accompanying drawings, in 
which:- 

FIG. 1 is a view illustrating the principle according 
which the device according to the present invention 
controls a power supply of its own physical layer 
controller and also controls a power supply of a 
physical layer controller in another device directly 
connected to the device through the cable of a 
P1394 serial bus; 

FIG. 2 is a view illustrating a manner where when 
one of the devices becomes an on mode, the other 
all devices successively become an on mode; 
FIG. 3 is a block diagram of a configuration for de- 
tecting a bias voltage on a twisted pair cable to turn 
on the physical layer controller; 
FIG. 4 is a block diagram of another configuration 
for detecting a bias voltage on a twisted pair cable 
to turn' on the physical layer controller; 
FIG. 5 is a view illustrating a procedure wherein a 
BM asks all the other devices for whether or not they 
intend to use the bus, and thereafter transmits a 
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PHY-SLEEP command packet; 
FIG. 6 is a flowchart showing the operation of the 
BM in executing the communication procedure 
shown in FIG. 5; 

FIG. 7 is a view illustrating a procedure for transmit- 
ting by broadcast a packet indicating that the device 
intends to keep the on mode: 
FIG. 8 is a view illustrating a procedure wherein the 
device asks the contents in a sleep register and 
thereafter transmits a PHY-SLEEP command pack- 
et; 

FIG. 9 is a view illustrating a communication proce- 
dure wherein the operation mode of each device is 
forcibly changed to a sleep mode by a command 
from a user; 

FIG. 10 is a flowchart showing the operation in the 
case where the device spontaneously becomes an 
on mode and thereafter detects that it is not con- 
nected to the bus, then spontaneously becoming a 
sleep mode: 

FIG. 11 is a flowchart showing an example of the 
operation of a delay mode: and 
FIG. 12 is a view showing an example of a system 
including a plurality of devices connected together 
through a P1 394 serial bus to perform communica- 
tion between these devices. 



A preferred embodiment of the present invention 
will now be described in detail with reference to the 
30 drawings in the following order. 

[1 ] Configuration for Detecting Bias Voltage Output 
to Bus 

[2] Operation Mode of Physical Layer Controller 

35 

(1) On Mode 

(2) Sleep Mode 

(3) Delay Mode 

40 [1] Configuration for Detecting Bias Voltage Output to 
Bus 

FIG. 1 is a view illustrating a configuration for de- 
tecting a bias voltage output to a P1 394 serial bus by 
45 using a physical layer controller in an electronic device 
(which will be hereinafter referred to simply as a device) 
according to the present invention and by using a phys- 
ical layer controller in another device directly connected 
to the above device by means of a cable of the P1 394 
so serial-bus. 

Referring to FIG. 1 , physical layer controllers 1 and 

2 are directly connected together by twisted pair cables 

3 and 4 provided in the cable of the P1394 serial bus. 
One of the twisted pair cables 3 and 4 is used for bidi- 

ss rectional transmission of data, and the other is used for 
bidirectional transmission of a strobe signal as previous- 
ly described in the section of the Prior Art. The physical 
layer controller 1 is configured so as to supply a bias 
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voltage Vb through resistors to the twisted pair cable 3 
and detect a bias voltage on the twisted pair cable 4 
through resistors. On the other hand ; the physical layer 
controller 2 is configured so as to supply a bias voltage 
Vb through resistors to the twisted pair cable 4 and de- 
tect a bias voltage on the twisted pair cable 3 through 
resistors. 

[2] Operation Mode of Physical Layer Controller 

Each of the physical layer controllers 1 and 2 has 
three operation modes, i.e., (1 ) an on mode (normal op- 
eration mode), (2) a sleep mode (power saving mode), 
and (3) a delay mode. 

The on mode is a mode where each physical layer 
controller performs a normal operation. In this mode, the 
physical layer controller in a device outputs a bias volt- 
age to the bus ; and detects a bias voltage output to the 
bus from another device connected to the bus. 

The sleep mode is a mode where each physical lay- 
er controller does not output a bias voltage Vb, but per- 
forms only an operation for detecting a bias voltage. In 
this mode, each physical layer controller is in a sleep 
condition, so that a power consumption is small. 

The delay mode is a mode temporarily taken in tran- 
sition from the on mode to the sleep mode. In this mode, 
each physical layer controller does not output a bias 
voltage Vb and does not perform the detection of a bias 
voltage for a given period of time. The significance of 
the delay mode will be described later. 

The above-mentioned three modes will now be de- 
scribed in sequence. 

(1) On Mode 

In the present invention, the procedure of setting 
each physical layer controller to the on mode is classi- 
fied into (a) a procedure wherein the physical layer con- 
troller spontaneously becomes the on mode and (b) a 
procedure wherein the physical layer controller detects 
a bias voltage on the bus and then becomes the on 
mode. These procedures will now be described in se- 
quence. 

(a) Procedure wherein the physical layer controller 
spontaneously becomes the on mode: 

The physical layer controller in a device that 
wants to use the bus can spontaneously become 
the on mode. For example, referring to FIG. 1, in 
the case that the device having the physical layer 
controller 1 is a D-VTR and the device having the 
physical layer controller 2 is a D-TV, and that a re- 
produced signal from the former is to be displayed 
on the latter, the physical layer controller 1 sponta- 
neously becomes the on mode in response to play- 
back button operation by a user. 

(b) Procedure wherein the physical layer controller 
detects a bias voltage on the bus and then becomes 
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the on mode: 

When the physical layer controller in a device 
becomes the on mode to output a bias voltage Vb ; 
the physical layer controller in another device di- 
rectly connected to the above device by the twisted 
pair cable detects the bias voltage Vb to become 
the on mode. In the case shown in FIG. 1, for ex- 
ample, when the physical layer controller 1 first be- 
comes the on mode to supply a bias voltage Vb to 
the twisted pair cable 3, the physical layer controller 
2 detects this bias voltage to subsequently become 
the on mode. Conversely, when the physical layer 
controller 2 first becomes the on mode, the physical 
layer controller 1 detects the bias voltage on the 
twisted pair cable 4 to subsequently become the on 
mode. Accordingly, in the system as shown in FIG. 
1 2, this procedure is shown in FIG. 2, in which when 
a device A first becomes the on mode in the condi- 
tion where all devices A, B, C, and D have been in 
the sleep mode, the other devices B, C, and D be- 
come the on mode successively as time elapses. 



A circuit configuration for realizing the above oper- 
ation will now be described. FIG. 3 is a block diagram 

25 showing an example of the internal configuration of a 
physical layer controller 1 2. The physical layer controller 
12 is connected through an internal bus 13 to a CPU 
and link layer controller 11. Further, the controller 12 is 
connected through a cable of an external bus (P1394 

30 serial bus) 1 4 to another device. 

The physical layer controller 1 2 includes a circuit for 
transmitting and receiving a signal to and from the ex- 
ternal bus 1 4. This circuit comprises a driver and receiv- 
er 15 connected to the external bus 14 and an encoder 

35 and decoder 1 6 connected to the driver and receiver 1 5. 
The driver and receiver 15 transmits and receives a sig- 
nal to and from the external bus 14. The encoder and 
decoder 16 encodes a signal to be transmitted and de- 
codes a signal received. Further, the encoder and de- 

40 coder 16 communicates with the CPU and link layer con- 
troller 1 1 through the internal bus 1 3. Although these el- 
ements are not related with the operation for setting the 
physical layer controller 1 2 to the on mode, they are re- 
quired to set the controller 1 2 to the sleep mode as will 

4 5 be hereinafter described. 

A configuration for detecting a bias voltage on the 
twisted pair cable and setting the physical layer control- 
ler 12 to the on mode will now be described with refer- 
ence to FIG. 3. To realize this configuration, the physical 

50 layer, controller 12 includes a bias detecting circuit 17 
for detecting a bias voltage on the external bus 14, a 
comparator 18 for comparing a bias detection output 
generated from the bias detecting circuit 17 and a ref- 
erence voltage Vref generated from a constant voltage 

55 circuit 1 9 to be hereinafter described and for outputting 
a result of this comparison, the constant voltage circuit 
1 9 for generating the reference voltage Vref from a volt- 
age Vcc generated by a power circuit (not shown) and 
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input from a terminal T 1 and for supplying a bias voltage 
to a bias output control circuit 21 to be hereinafter de- 
scribed, a bias input/output control circuit 20 for sending 
the comparison output from the comparator 18 through 
the internal bus 13 to the CPU and link layer controller 
1 1 and for transmitting a bias output command received 
from the CPU and link layer controller 11 to the bias out- 
put controller 21. and the bias output controller 12 for 
performing on/off control so that the bias voltage gener- 
ated from the constant voltage circuit 19 is output to a 
terminal T2 according to the bias output command re- 
ceived from the bias input/output control circuit 20. 

There will now be described the operation wherein 
the physical layer controller 12 detects a bias voltage 
on the twisted pair cable to become the on mode. In the 
configuration shown in FIG. 3, when the physical layer 
controller in another device connected through the ex- 
ternal bus 14 to the device including the physical layer 
controller 1 2 becomes the on mode and supplies a bias 
voltage to the twisted pair cable in the external bus 14, 
this bias voltage is detected by the bias detecting circuit 

17 and is then input into the comparator 18. When the 
physical layer controller in the other device is in the on 
mode, the bias detection input and the reference voltage 
Vref coincide with each other. Therefore, the comparator 

18 sends a coincidence signal to the bias inpuVoutput 
control circuit 20. Then, the bias input/output control cir- 
cuit 20 sends a coincidence output to the CPU and link 
layer controller 11 . Then, the CPU and link layer control- 
ler 11 checks the coincidence output to thereby deter- 
mine that the physical layer controller in the other device 
has supplied a bias voltage to the bus, and next sends 
to the bias input/output control circuit 20 a command sig- 
nal for making the physical layer controller 12 output a 
bias voltage. When the bias inpuVoutput control circuit 
20 receives this command signal, it commands the bias 
output control circuit 21 to output a bias voltage gener- 
ated by the constant voltage circuit 19 to the terminal 
T2 As a result, the bias voltage generated by the con- 
stant voltage circuit 1 9 is passed through the bias output 
control circuit 21 and is supplied from the terminal T2 to 
the twisted pair cable in the external bus 14.. 

FIG. 4 shows another configuration for detecting a 
bias voltage on the twisted pair cable to set the physical 
layer controller to the on mode. In this configuration, 
there are provided outside a physical layer controller 32 
a comparator 33 for comparing a reference voltage Vref 
and a bias detection output detected by a bias detecting 
circuit (not shown) included in the physical layer control- 
ler 32 and for outputting a result of this comparison, and 
a switching circuit 34 for on/off controlling a bias voltage 
generated in the physical layer controller 32. 

The comparator 33 compares the bias detection 
output and the reference voltage Vref and sends the 
comparison output to a CPU and link layer controller 31 . 
The CPU and link layer controller 31 on/off controls the 
switching circuit 34 according to the comparison output 
from the comparator 33. That is, when the bias detection 



input coincides with the reference voltage Vref, the CPU 
and link layer controller 31 turns on the switching circuit 
34. When the switching circuit 34 is turned on : the bias 
voltage generated in the physical layer controller 32 is 
5 supplied to the twisted pair cable. 

in other words, this preferred embodiment is con- 
figured by providing the comparator 18 and the bias out- 
put control circuit 21 outside the physical layer controller 
and connecting these elements 18 and 21 through con- 
w trol lines to the CPU and link layer controller. 



(2) Sleep Mode 

Having thus described the procedure tor setting the 
is physical layer controller to the on mode, there will now 
be described a procedure for setting the physical layer 
controller to the sleep mode. 

The device according to the present invention has 
two basic functions lor setting the physical layer control- 
20 ler to the sleep mode. One of the two basic functions is 
that a command (which will be hereinafter referred to as 
"PHY-SLEEP command") for setting the physical layer 
controller to the sleep mode is defined, and that each 
device sets its own physical layer controller to the sleep 
25 mode when receiving this command. The other baste 
function is that at least one device connected to the bus 
grasps the status of all devices connected to the bus 
according to a host protocol, and that the device trans- 
mits the PHY-SLEEP command when none of all devic- . 
30 es intends to use the bus. These functions are executed ; ,. 
by application software installed in the CPU and link lay- ' 
er controller 11 shown in FIG. 3. 

There will now be described a procedure according 
to which the device having such functions becomes the 
35 sleep mode. The device becomes the sleep mode when 
it does not intend to use the bus. However as described 
with reference to FIG. 2, when there is any one device 
having the on mode in the system, all devices in the sys- 
tem become the on mode. Therefore, to set the device 
40 to the sleep mode, it is necessary that none of all devices . 

in the system intends to use the bus. 

The present invention adopts first to fourth proce- 
dures as a procedure for recognizing that none of all de- 
vices intends to use the bus. 
45 According to the first procedure, a device or bus 
manager (which will be hereinafter referred to as "BM") 
for managing the status of use of the bus by all devices 
in the system is provided in the system, and the BM pe- 
riodically (e.g., at the intervals of 10 minutes) asks each 
so device for whether or not each device intends to use the 
bus. In receiving this inquiry, each device sends back to 
the BM a reply that it does not intend to use the bus and 
wants to keep the sleep mode. I n receiving the reply that 
none of all devices intends to use the bus, the BM trans- 
55 mits the PHY-SLEEP command to each device. Then, 
each device having received the PHY-SLEEP command 
sets its own physical layer controller to the sleep mode. 
After transmitting the PHY-SLEEP command, the phys- 



5 



EP 0 727 729 A1 



itxr rol,erin,heBMi,se,,a,sobeco - s ^ 

c e d,l G |n 5 ,? a n illUS,ra ' i0n °' this co ™™nication pro- 
cedure. In th« illustration, the device A functions as the 

and nT hT n,ia,V 9SkS 6aCh °' ,he d ^ices B. C 
and D for whether or not they intend to use the bus Afte 
receiving the reply that none o, , he devices B. C and D 

m tTthe PH Y VlEEP S ** **" A ^ 
mits the PHY-SLEEP command to the devices B, C, and 

BM in?h 6 ^ 3 " o WChart illUStratin9 the °P erati °n °' the 
BM .„ th» case. Step S1 shows that the physical layer 
controllers in ah devices including.^ BM are in the on 
mode. Steps S2 to S4 are processes corresponding to 
F G 5 aL° n S ? T C ~ Cati °" P-edure sho™ !n 
in ail deJSf T? 81 <he PhySiCal ,ayer controlle ^ 
Ln S «h Udi ' 19 ,hS BM are in ,he sle *P mode 

mi e t T 3 Pr0C6SS tha ' af ' er becomin 9 *** 
mode, the physical layer controller in the BM detects a 

bias voltage 0 n the twisted pair cable, .f any ^ a 

to step SI because all devices become the on mode 

The second procedure is that a plurality of devices 
hav.ng he function of the BM mentioned above are pre 
liminanlv provided in the system, and one of S de 
vices is specked by user's setting, for example" pe . 

above. For example, ,n the case where all devices in the 
system have the function of the BM, any one of a» de 

ra"rme oirn ,o become me s,eep m " de p-^-'- 

er or not they intend to use the bus. In receiving a reolv 
ha, none of all the other devices intends to use he bus 
the specified device transmits the PHY-SLEEP com- 
mand to a., the other devices. Thereafter, the specif 

the co ° S,6eP m ° de - AISO in 

the commun.cat.on procedure and the operation flow 

-^substantially the same as those in the £ p r £ e 

notin^ ir K PrMedUreiSthatanyonedevice *at does 
nointendtobecomethesleepmodepreliminarilytrans- 
mits penodically (e.g., at the intervals of 10 minuted by 
broadcast to all the other devices in the system a packet 
-ndica jng that the one device intends to be aS ( fe 

Z?£ZT!- RG I iNUS,ra,eS this h 
he case that the device A transmits this packet When 

this packet .s no. flowing in the bus, each devicr'an 

determine that none of the other all devicesTnSs to 

use the bus. When the BM in the first procedut or ne 

dev lce having the function of the BM in the seconS p/o 

cedure detects that this packet is absent on the bus ft 

wnere,n all the other devices send backa reply that thev 

the third procedure is characterized in that they soonta 
neously nform their intention of no use of the ? b lT 
The fourth procedure is that any one device is pre- 
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m.nanly specified in the system, and that a register 
wh.ch w.ll be hereinafter referred to as "sleep register- 
for registering whether or no. all devices in the system 
intend to become the sleep mode is preliminarily pS 
ed .n the above specified device. All devices are prelim- 

hav.ng the sleep reg.ster on the bus. The device that 
intends t0 become the s(eep ^ sets v.ce that 

» Z Th6n ' thS d6ViCe ,haf inten * to become 

he sleep mode determines from flags in the sleep reg 
ster w ether or no, al, the other devices intend to be 

becle ,h? eP m0de - " a " ,he ° ,her devices >»™ to 
1™ Z , 6P m0d6 ' the device inie n*ng ,o be- 
come the sleep mode transmits the PHY-SLEEP com- 

,en a ;f„l°, a,, K ,he0therdeViCeS - Thereafte ^ 

FIG. 8 illustrates an example of this procedure In 

» n the l Sh T 10 F,G * the s,ee P lister is provided 
n the dev.ce D , and the device B is a device intending 

he SosTn ! S ! e6P m0de - ThS d6Vice B *« 
the f ags n the sleep register provided in the device D 

After conf.rm.ng that the flags of all devices are on the 

- vS™ H ^ 

Having thus described various procedures for con- 

use the bus^ the present invention further includes an- 
other procedure that a device commanded by the user 

2TJ 8 T SLEEP C ° mmand to a » bother de 
vices An example of a communication procedure in this 
case « ; shown in FIG. 9. In this communication proce 
dure, the user applies a sleep command to ,he SSL 
D. Accordingly, after transmitting the PHY-SLEEP com- 

c m ome S ,0 h the , deViCeS °' B ' ^ A ' ,he device ^o be- 
comes the sleep mode. 

in <Jh WGVer ' Precedence is P r «ent in this procedure 

e sSln m !T r ^ 8 Certain d6Vice cann °< "e set to 
the sleep mode according to application. For example 
« wh.le any one o, the other devices C, B, and 

Tb^JfrT" 9 ' dUbbin9 ' ete ' thisdevTc can - 
PHYSi ppp S ' eeP ^ th ° U9h il has recei ^ the 
Z nSf f C ° mmand ,r ° m the device D '"is case, 
46 bine e T S n0t performin 9 video wording, du b : 
b ng, etc. .nstantaneously become the s leepmode but 
all devices are finally returned to the on mode because 

Le S p y re ,nC ' UdeS 8 d6ViCe ^ Cann0t b6 - 

so , ha » F U « her ' thG PreSent inven,ion includes a Procedure 
» that, after a device spontaneously becomes the on 
mode, it detects that ft is no, connected toThe b us a n 

irT S,heS,eeprn0de - Operation flowfsub 
routine) in this procedure is shown in FIG 1 0 

« S11 R T e ' e ; rin9, ° FIG - 10 ."ounterisfirstsettoOins. ep 

contJlS ,S Pr ° Vided the CPU and ^ ^er 

controller 11 shown ,n FIG. 3. Then, a bias output is 
urne d „ m step S12 Thgt . & ^ rq P is 

l.nk layer controller 1 1 sends a bias output command to 
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the bias input/output control circuit 20. 

Then, after waiting the time Td1 in step S13 : the 
counter is incremented by 1 in step S14. Then : a bias 
detection input is checked in step S15, and the level of 
the bias detection input is determined in step SI 6. If the 5 
level is high, the device spontaneously becomes the on 
mode (step S17). The operation of these stops is per- 
formed to determine whether or not the device is con- 
nected to the bus after outputting a bias. That is, if the 
device is connected to the bus, the other devices con- 10 
nected to the bus also become the on mode as de- 
scribed with reference to FIG. 2. Accordingly, the bias 
detection input becomes a high level, and the compara- 
tor 18 shown in FIG. 3 therefore outputs a coincidence 
signal. To the contrary, if the device is not connected to is 
the bus, the device cannot detect a bias voltage supplied 
from the physical layer controller in any one of the other 
devices. Accordingly, the bias detection input becomes 
a low level, and the comparator 18 outputs no coinci- 
dence signal. 20 

Steps S1 3 to S16 mentioned above are repeatedly 
executed until the counter becomes 3, that is, for the 
time period three times the time period Td1 after the de- 
vice becomes the on mode. If the level of the bias de- 
tection input does not become high even after this time 2s 
period, the device determines that it is not connected to 
the bus, and then becomes the sleep mode (steps S18 
andS19). 

(3) Delay Mode 30 

This mode is a mode temporarily set when the de- 
vice in the on mode is shifted to the sleep mode in receipt 
of the PHY-SLEEP command. The duration T of the de- 
lay mode is ended when at least the whole of the system 35 
becomes off. The purpose of providing the delay mode 
is to avoid a possibility that when the device in the on 
mode receives the PHY-SLEEP command from another 
device to shift to the sleep mode, and thereafter another 
device not yet shifted to the sleep mode is present in the 40 
system, the device already shifted to the sleep mode 
may be returned to the on mode by a bias voltage from 
the other device not yet shifted to the sleep mode. 

An example of the operation flow (subroutine) of this 
mode is shown in FIG. 11. The subroutine is started 45 
when the device receives the PHY-SLEEP command. 
In step S21 , a delay time counter Tdly is set to 0. Then, 
the device becomes a mode for ignoring a bias detection 
input on the bus, and the device nullifies its bias output 
(steps S22 and S23). The ignorance of the bias detec- so 
Won input on the bus means that the CPU of the CPU 
and link layer controller 11 shown in FIG. 3 ignores sig- 
nals transmitted from the comparator 18 and the bias 
input/output control circuit 20 in the physical layer con- 
troller 12. When the count value of the counter Tdly be- ss 
comes the above-mentioned duration T from this condi- 
tion, the device becomes a mode for checking the bias 
detection input (steps S24 and S25). Then, this subrou- 
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tine is returned to the main routine. 

While each of all devices in the system has a CPU 
and link layer controller in the above preferred embodi- 
ment, the system may include a device having only a 
physical layer controller like a router in a system. In this 
case, the physical controller cannot be set to the sleep 
mode by the PHY-SLEEP command. Accordingly, the 
physical layer controller may be fordibly set to the sleep 
mode by a hard switch or the like. 

As described above, the present invention provides 
a function of periodically grasping the state of each de- 
vice in the system and setting all devices in the system 
to the power saving mode as required. Accordingly, the 
power consumption of the system can be minimized to 
thereby accelerate energy saving. 

Further, according to the present invention, any one 
device in the system set in the power saving mode can 
detect a bias voltage output from another device to the 
bus and change the power saving mode to the normal 
operation mode, then outputting a bias voltage to the 
bus. Accordingly, when any one device in the system 
becomes the normal operation mode, ali devices in the 
system are successively changed from the power sav- 
ing mode to the normal operation mode. Therefore, the 
present invention can avoid the prior art problem such 
that communication cannot be effected because of the 
off-state of an intermediate device. 

Additionally, the device having received a command 
for setting the power saving mode from another device 
in the system refrains from detecting a bias voltage for 
a given period of time. Therefore, it is possible to prevent 
a problem that before the other device turns off a bias 
voltage, the device may detect the bias voltage and re- 
turn to the normal operation mode. 

While the invention has been described with refer- 
ence to specific embodiments, the description is illus- 
trative and is not to be construed as limiting the scope 
of the invention. Various modifications and changes 
may occur to those skilled in the art without departing 
from the scope of the invention as defined by the ap- 
pended claims. 



Claims 

1 . An electronic device for use in a system adapted to 
perform communication between a plurality of elec- 
tronic devices connected together through a bus; 

. - said electronic device comprising a first means 
for detecting a bias voltage output to said bus 
from another electronic device connected 
through said bus to said electronic device, and 
a second means for controlling output of a bias 
voltage to said bus; 

said second means having a power saving 
mode where said bias voltage is not output from 
said electronic device to said bus and a normal 
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operation mode where said bias voltage is out- 
put from said electronic device to said bus: and 
said power saving mode being changed into 
said normal operation mode when said first 
means detects said bias voltage output from 
other electronic device to said bus. 

2. An operation mode control method for an electronic 
device for use in a system adapted to perform com- 
munication between a plurality of electronic devices 
connected together through a bus; 

wherein when said electronic device detects 
a bias voltage output to said b.us from another elec- 
tronic device connected through said bus to said 
electronic device, an operation mode of said elec- 
tronic device is changed from a power saving mode 
where a bias voltage is not output to said bus into 
a normal operation mode where said bias voltage 
is output to said bus. 

3. An electronic device according to claim 1, further 
comprising third means for detecting a predeter- 
mined command addressed to said electronic de- 
vice from said other electronic device connected 
through said bus to said electronic device, wherein 
when said third means detects said predetermined 
command, said normal operation mode is changed 
to said power saving mode. 

4. An operation mode control method for an electronic 
device according to claim 2, wherein when said 
electronic device detects a predetermined com- 
mand addressed to said electronic device from said 
other electronic device connected through said bus 
to said electronic device, said operation mode of 
said electronic device is changed from said normal 
operation mode to. said power saving mode. 

5. An operation mode control method for an electronic 
device according to claim 4, wherein a predeter- 
mined one of said electronic devices in said system 
asks all the other electronic devices in said system 
for whether or not they intend to use said bus, and 
when said predetermined electronic device re- 
ceives from all the other electronic devices a replay 
that none of all the other electronic devices intends 
to use said bus, said predetermined electronic de- 
vice transmits said predetermined command to all 
the other electronic devices. 

6. An operation mode control method for an electronic 
device according to claim 5, wherein at least two of 
said electronic devices in said system have a capa- 
bility of becoming said predetermined electronic de- 
vices. ■"' 

7. An operation mode control method for an electronic 
device according to claim 4, 5 or 6, wherein any one 



of said electronic devices commanded by a user 
transmits said predetermined command to all the 
other electronic devices in said system. 

s 8. An operation mode control method for an electronic 
device according to claim 4,5, 6 or 7, wherein when 
said electronic device detects said predetermined 
command, said electronic device refrains from de- 
tecting said bias voltage output to said bus from said 

10 other electronic device connected through said bus 
to said electronic device for a predetermined period 
of time. 

9. An electronic device according to claim 1 or 3, 
* 5 wherein when said electronic device spontaneously 
enters said normal operation mode and said first 
means does not detect said bias voltage, said sec- 
ond means outputs said bias voltage and enters 
said power saving mode where an internal circuit is 
20 off. 
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FIG. 10 
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